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(54) LIGHT ANALOG TRANSMITTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light analog 
transmitter which does not deteriorate a carrier to noise 
ratio(CNR) of an intermediate frequency signal when a 
laser is directly modulated by a signal, which is the 
combines of an intermediate frequency signal and an 
unmodulated wave signal, and is transmitted to the 
transmitter from a transmission terminal station. 
SOLUTION: This device is a light analog transmitter 
which is equipped with a combining means 6 which 
combines an intermediate frequency signal modulated by 
information to be transmitted and an unmodulated wave 
signal being a sine wave, and a means 7 for subjecting 
the combined signal to electrical to optical conversion 
by direct modulation of a semiconductor laser diode with 
a resonance frequency fr and transmitting the result to 
an optical fiber 3. In this case, the condition that the 
frequency fIF of the intermediate frequency signal and 
the frequency fLO of the unmodulated wave signal 
satisfy the conditions fL0-fIF>1 [GHz] and 2fIF<fL0< 
(2/3).fr. 
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fio-fiF^l [GHz ] ^it/2fiF<f i.o< (2/3) 
• f r 

v^r . 

wifpmmwLm^comma^fit^. fu < i cgh 
2 1 kL. mmmmm^commmfio^. 2 egh 

[li*Jl3 ] fti^JI 1 tfzii 2 v^fft*^ 1 mzsSMco^ 

msi^mm^^mm'pmmmm^-timm^mnmz 
^ k mm^^mm^ k ^ ^m^h %n.^WL k . 

k. 

^<r)n(:>fd^w^wm.^-^wm-h^n.k. ^mth 
\M^^\^^T^3\zwsL<rmr^xiifm^m.\izii 

m%.k. 



^^'^^mzx%fdmkmmj^n.¥m,^^mm:m. 

m^T^(>\WMA\.z^<n%r^x3yBM^\,z.ii 

m^^mk<^^m^^^mzx%i:.tu-z^^WM^ 

to 0 0 1 ] 

mzmfi> . 

[00021 

nb. mmmm.kmmmm^zftyr-fy^x'mm'r^mi^ 
[ 0 0 0 3 J 0 , mmnmitmimmkmmmmi 

[0004] j^m^iSti:, ^[zr yri-mrm^^ivr: 

<mimm.iiznmhtzm^m. mmm-mLxmx. 
-'-:MDi!mMmmmx'mmx'^ h , 

[0005] ±fBc05tr^oi!^fB3iM{:Jiiiftt-^#«^ 
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mm^l 1-3 5 5209 



[0 0 06] ^ti{^2:mcr)m0i^imLXi^^t^ 

(02 [GHz] --5 [GHz ] ^A,<7)^^TtS-57tJ;'9»^ 
-^l^-tf 1,^2-3 [GHz ] aTX'h^, -ecO/Sib, lill^ 

a. 

[ 0 0 0 7 ] -ecl-C, M;c.{f. #^^-164427^&?BlC 
iE^iftT'«>S*l«igEil8j!SEfi#^agLT. ilKiSlB^*»'b 

[0 0 083 Z(^{^mizt3if^^mcoim:fj^ii. mm 
mi(.coB^'^tii^izm^-ri>:iti:mkt 

[ 0 0 0 9 3 LT, ±iE^fRt:lEtt$ixTVi^*JfeM 

iz^tiil^ mi 2l,Z7ik^ix:hi:dl,z^ 300 [MHz ] coil 

SPjR«#^2oo [MHz ] ^ott^isjiaifi-^tcastT 

tfOCNR ( Carri er-to-Noise Ratio: ^^UTM^'M 

[ 0 0 1 0 ] fs^m^m^t^j&momwLm^ 

{Ct5V>T{±. RI N (Relative Intensity Noise : ffl*t 
X\^hb^ C N R CO^^-f bii^:t t S . 

[00111 mtii. mi 3it^m^nmt>(rmMsnzx 

'^^itz^MX'hhtiK 't'Pa/SjSfi-^^^SOO [MHz ] . 

Msmmm^^'ksso [mhz ] t Lf^z^-^x-a. ^<oii 

t^^P«*n 5 [%] i^Lhti^rSfc, R I N#ttA>'#L 
[00 121 



f4±. fiiffl^Sg*J?I»^«ffl(i-&i>-y:Vi2-3 [GH 
z] S^f*)-6. 

[00131 t*»t> ie^T{i3tfE3i«-?-ti.JiLh(50jg^ 
[00141 L*»L. Zffyjmjjj^crtmt. 

ri-^:!^^m-ti>tz»yt:y)^A*mmmEntm^mm 

CNR <nm^^ t S i: v> a s . 

[00151 mz^ ^'&mm.m^(rmm.if^% < t£h 

^i^smkm^izi. *)mmk^\^x^^-^tiimmL 

2: ^ < #tfiBii^a[fi-§-2:m<i^ i>^bx. fi&mmm 
mMm<znvx^<m'^<nmw&4-x.x 3 ^ t 
0. m.(r)mmm.m^mm'th:ik\,z'^£h. %-ox. :L<n 

[ooiei-fif. :L<nw^<r>^^b^i>b:Lh\±. 

<mmm.^^% < lt i. . +^jiiiSfi-^«oc n RSr^^ti 

^-it^v *Jt. iSmSggfflltcCNRiOgfcMfvr^'raJfafcfi 

•th:ih\,zh^. 
[00 171 

^^mmmmi.'b^zmm-h. -r^ht>. 

[ 1 ] IS 1 <02|E^J (mi<Oit*«> {c^*>S3eTr?-a 

w&x'h&m^mm^b^-^m-t^'^b. c: 
<^mmi tub mm^mim^-commL f lo s f i o 

-fiF S 1 [GHz ] at/;"2fif<f[.o< (2/3) • 

f r<D4kf¥imfc:'tm^b-r&:Lb^mkbi-h, 
[00181 C:comt:l3V^T{4, 'HfBT-^P^tLTttf 
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[0019] ^•t^^i^v-'f^^ it- Y<r>^mm 

fio-firSl [GHz ] &t)f2fiF<fLo< (2/3) 
• f r 

[0020] z.comm.mm^mm'mm'r 
[0021] as. mmm<7mi 

[ 0 0 2 2 ] 03 fc. ^ftl'-im^ (wiJttS , 

-t. fiFtil [GHz ] -cabO. fLo<^iaJKti:4 0 
[%] [GHz ] , 2 [GHz ] . 3 [GHz 

]\ 3.5 [GHz 3\ 4 [GHz ] t^-fkS-fr^:. mm 

1*ft-tf LO***S§^l,TVi^fV^d^iDR I Nii, -152 
[dB/Hz ] RINfiJi. f Lo^OX^^' 

[0023] ^LT. fio*'^Mtli,l,zm-oXim^tl 

TVK« 03(C5^§ni.J;at:> fLo-fiF ^l [gh 

■^<^izmi&L^&-ri>, 

[0024]ia4tC. fiF=120 [MHz ] (CtSftS f Lo 

^^^:^■r^RIN2:*-r. fiot^^j^n.msbmmiz 

4 0 [%] fcLJt, fi.o*i»S^ilTV^^V^J^(?)RI 
N{i, -164.0 [dB/Hz ] X'h-^tz, 
[0025] ia4J:>), fto**. fiFtCi£<l [GHz] 

l*ltCiJ«^fLTV'>.g,fc 0. f Lo -fiF <1 
[GHz ] X'hht) . R I nmifi-m [dB/Hz] VXk. 

•Xh^ . ist <^itLX\^^ . Lti-^L. fLo-fiF 2 
1 [GHz ] X'hh f Lo =2 [GHz ] T'J±. R I Nffli 
-162 [dB/Hz] i: 5:13, ^^>fb5rqipffi§ilTV^|,C:i;3&« 

[0 0 26] tet. fi,o -fij ^l[GHz]OBe« 

■esbo. i^-^m^^m^^mLtzm^z^ f^o ±fiF 



co^Hi:=5:^o ^<r)t^»>. fto ± f if i>*J«L''C. f 
fLo -fiYi}^fifCr>m^^t,zmr£tt.-mmcrijio 

[0027] ^^T-, fLo >2fiFi;i5^LT, fio 
^rHlje-r^. tfmWi, hm^cr, 

mmm.-c^m&¥mibx^ KKct ^mmc f r 

[0028] c:tL{i. ^i^u—^m^cr,^^ U rav" 

ibtb. u-^^<7)w&i}<^^&iz7i: 0 R i m^mm 
wc^mi,zt>rz-:>ximaLx d , ^(T^rzib^ mt^am 

<^mmkf 10 + 1 If is^. f rX*)iifb$\^kz^iz^t 

idiz^ tj,oiM9rt^i£imti^hi>. ^LX. 2fiF 

fio< (2/3) • f ri:^^. 

[00 29] [2] iJt. ||2«*^HJ (m2tf0|g* 

js) iz^i:>?>^Ti'X3f^mm^tt. mil 11 mm 

T, j/eyr^^-^izim-tt^m^mtrzytri'tii^i^ 
mmx'h-yx. Uf^wimmm^-commi^fu^K fiF 
<i [GHz ] x'S>*). mi!^mmm^<nm»mmf 

Lo*^. 2 [GHz ] < fioX'h^Zbi^^Wlt^^, 
[00301 ^#:U-if*^. 

(DFB-LD) , h^^^iiyTyu—^a—m^^m^ 
u-'fm'f (FP-LD) iimm^iito mz. dfb 

s.'r^^s.i)^^^<. Ti^a^Q^i,zmLx\<'>^, l 

i»#»*^"®V>Jl^j£«»<i. iim. 1 [GHz ] OTT* 

[0031 ] mmm^x'hh^mmmin^ii^{^mmm 

iiti- fiF>l [GHz ] c?5KHl3ffiS^S t , 

£ESa-CLid^ii6, fiF<l imz 1 icmmrt&zt 

[0032] im&m\' ^mmmx'<mm^mmmm 

la-RI N#tt0-CS)-5ia3tCfe{t5fiF =1 [GHz 

] co^TcoR I Nfit, immm\-wm.^x'(r>*^ 

IF =120 [Mlz ] CDi^-^TCORI Nffl3&^^>tt>*»I.J:d 
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t-, ^^mm^^msLf u =t2o [mhz ] <o***, t> 
[0033] . 'i'mmmm^ f if t ii^isffi 

Lo^O^^SaSIEB^. fiF<l [GHz ] . fLD>2 
[GHz ] fc-fSt. RlN^^RX/^mm<:r>mf^^tf 

"ttc. e^!|ttt^Bm=«-C*^: tic's:*, 

[0034] [ 3 ] msco^mi (ms commn) tc« 

h&^Ti-^^&mMm.it. M£ [ 1 ] JRS^cfi [ 2 ] 
[0035] ^<^«)i!S(iSS^|g{S*»^>«tM/Sfi[SlcM« 
[0036] jHfiJS^illTii. fE3*L!tVvff$BX'^pt 

JfiSfi-^ (^iS^f MW) (.^isa^r>yr^>'^^*— i^'g 
:^-rs^v:A^.tcfflv^*jE^«oiygMsSm^f Lot ^-^ 

[0037] ^#:P-f-'3S^i: LXli. i^WmM.^ 
ItfrU-iJ-'S^ (DFB-LD) . ifeSi^Ji. yrfV 

-^u-m^i'^u—f'm^ ( F p - L D ) tix 

DFB-LDTfc = 3 [GHz ] , FP-LDTfc 

= 1-2 [GHz ] mmx'h*). ^twxtcnmmmii 

(Tiu-^m^f^mim. ms.x^ ii!mmm^(7)mm 
fma. t5t3i^3'-5 [GHz 1 mmizmm^iii, . 

[0038] ^S^BJi^XxAT'fflt/^'g.tf raMa^fi-^{±. 

^<7)mmtfitiifu < 1 [GHz] ms£xhi>i)^^. 



tifiX'^h, 

[0 0 39] [4] m4£0*^Hg (114 cOiS^JS) 

hhitr-i-xivmmmi. mia [ i ] Jit 3t« [ 2 ] 
mi.zmm<^%r^u^\^mm.^zii\.\x . ^(^^.z-mmt 

\.x^-nt h%/mMmm%.h ^ ^<rmwk^Kx^-h 

[0040] ClcoJ: e ti:m^cni:^i^:^'fMt. jMflffi^ 
[0041] i^lfiS^ii-C{±. ■fKMLfeV^ff^T'^pU 

Mzm\>i>w&<rMmm.m^fLG t^-^^Lxt^h 

[00421 ^#:^-if*?i: ^^|J*««M* 

^ft:!^— (DFB-LD) , $)I.VM±. ^r^'J 
-/><,n-S{it^^#:^— if*^ ( F P - L D ) 35^!ffll ^ ^>ii 

DFB-LDT'f c = 3 [GHz ] . FP-LDT'fc 

= 1 —2 [GHz ] sjgre^io. -f-ttKiiitosa^sti 

islsj:^ 3-5 [GHz ] SSt:»I^tLS, 

[0043] :i?mfii^:^'Tj-r^'m^^h^mm%^\i.. 

^coi^a^f ipiif IF < 1 [GHz] gJKT'fe-S.**^,, 

^>tf4 [GHz ] fcftiJIK:5il,S::i:t=5:'l.. 
[0044] t*»t . Jt^^lSWcW^^ t -S. ^ t 

[0045] [5] |g5tO*%HJ (^5«iS5K5S) tC« 
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[0046] ^cTizyXy'Mi^ «ajlifHi>0-C^r< . 

miL^iMi>'^miz't?>i>ff)X'hK). m^mmjk<r>mmiz 
mm) <r)fi'tmw.m^iT'om<7yimmmm^tzmm. 

mm^mmizmM-t?. . 

[0047] Ztilzi: *) . jMSfi3&«r«g'5ri^X7^A3t)*« 
[6] |^6£7)*»9J (m6<50ai*Jl) iZ^h^^T-i-o 

yimmmii. [ 4 ] miz$m<^^ri'viymmmmT 
h-ox. ^m.m^^^mLx$mmmLcr>mMMmLL 

mmimwm^Lx\i^^-thm^^f9Lt. z<n>m.^^ 

^^mjh<^nmLmmmzx^^titz^¥mm.m^i: 
imm.z^mL. ±.^m(r>tityr^j^z^-f:^^WLL 

[0 04 8] z<r>i^:^^Ah^ mmmm-^^xts:<. 
«iiKs<ii>«rtiic;t-st><?)t'*o. msmjk<nmmz 

mm) <^^^mm^^T'om<DimMmmfizmwm. 

SSL. Sflfflc7D(tJSMIJ!![fl-^5:#, ^tii^m,z^ 

Lxmm^mm^z^iim-^ . 

[00493 :.ixi,zx "5 . ^\>^mmmmx(m.^m 

ii^fi-^co^MJK^ < -? T t , tfiraja-ftft-^OC 
NRiO^&^W±^:<. iHitSIBfflll'Cti. «IUtCNR<Oil 

m%i§izjrHfi,mmc^mm<7)m^i>zii^\^cNR 
tim^^tittiK ^<DX 5^j:mm&mm<^m^t lx 



[0050] liJLhs ±ie#««^«*%BB(3 J: 0 , i!^ 
iSa^fi-f-c^-^jfe^l. i t j: ^ . ^SJiajSm-^^WR I N 

C N R*^-ftSrffiMTi. i,kmz. f^^m^mm^'^cDR I 

# , ^^mmmmT^m^m^mm^coc n R«tt^ 
jm;i'c. StMiomiifzismmmmmrmh^tij^mk 

t^^mt^K). mm. w^mxmmi,z:^mico^T 

[0051] 

mmm?:mmizmm-r?> . 

Hitct5i,^T. emm^. Tiim/ 

Slli. 2 4(±^fr^-HfS^t:-*^. 

[00521 iam^eiifpmmmm^B i 
■§■5 2 ^-^rnvximmm^B 3 ^^sfc^xsofcco-c 

& O . E/O^S7{iic7)f§^>^Uti^1f«ft#5 3 

0, m&m22, 1 , sia;2 3, v— 

-rST2 4*><o^i>, -f>'yi?^'>'^2 l{iH5-f>'^T 
>'7-2 0£?Dai*fi^tc*f L'C«?^jg2 2<Offi:^3ij^WNM 

X^-^z.'^>tLJtH7-f^N'T>'r2 0«JfJ:^jS:¥*#:l'- 

2 4 tc^lifi-^i: LTSP;t/c*^coA:^Jffitn:-C'* 

[ 0 0 5 3 ] ^coi 3 =5r«^co*3eiMfilS{±. iiftffi« 
1 icfcV , 4»l§IJ5l*fi^ 5 1 i: ^^W&n 5 2 ^ Jn 
atS}6T^aiL-Cf#^>iXfciB6SHf««^5 3 S:E/03g 

[0054] tt»iaMaS[fi-^5 l£DJljfeic£fi,. iSSEIB 

-fefi^5 2£Oja^^fLofc-t.i.. E/0^^||7W= 

tL. 4^^#:l/-Hf«^2 4^lSif^-rS, ^LX. Z 
<7i^W.V-^^ 2 4 (iiSlgfll^-^ 5 3 ^fJCfcSEM 

«^ 2 4 Ji. T-^0 ^^mco D F B P—if :5^-f Jf- 
[0055] Hcoi o l>zLX^^]y—^mT24C0% 

mti>^^6n±. ^yT-(^^2izxti^tixmm^ 
tit, ^^iu-^m^2 4<7)^mmmmi: f r 
iii±(^)Xo^m^x\ m2i,z^^tLi>j:oi>z. fiF 
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^m^5 2<omm.miwmm±. fLo-fiF^i [ghz 

[00561 ^^^]y-'^m^2 4 li. ^^SSPf^ 
[ 0 0 5 7 ] 03 1:. m^X^m^l F«3«0^*W- 

■r^^ 2 4 tcfctt-s . li^MiSS^ 5 2 <^mmL f to 

itf-SfiF«^«ORINi|ttt?r^. f„J±l [GHz ] T 
S)*?, fLoO^P*«±4 0 [%] [GHz 
] , 2 [GHz ] , 3 [GHz ] , 3.5 [GHz ] , 4 [GHz 

\i-^m^<7)n I Nti, -152 [dB/Hz ] -eS>-5/l, R I Ntt 

[0058] -ett, fio**'^>MiT.*tCfi!'3"r3SC#$ix 
TV\<. ms l,Z^^ii.i> X 0 ^ fLO-fiF ^ 1 [GH 

[0 0 59] 114 tc:. fiF = 120 [MHz ] ttJtt-S f Lo 

(cSf?-ri,RiN«^^-r. fLo<^ymmii. mstmm 

I Nliti. -164.0 [dB/Hz ] -Ch-oti, 

[0 0 60] H4 iO. fLo'tP's fiFt:i5<. 1 [GHz 

1 [GHz ] Tlbhb) . R I N«*«-160 [dB/Hz] ^ 
IK a 1 [GHz 3 t'ftS f 1.0= 2 [GHz ] X'ii. R I N 

ffl«i-i62 [dB/Hz] ^^t;**JW±$nTV^Sc: 

[006 1]£UiJ:'9. fLo - fiF S 1 [GHz ] 

ifefLo -fiF**fiF«^MjSift^tc*=Je*fc, 

d iZ. ^<^^m<7)^m<DR I Nift-ttjii^Mtit-l. ^ t tc^ 

[0 0 62] -ec:-C, fLo > 2fipfcig^L-C. f 
Lo -fiF > fiF<0M«2:-:>< 0. RI N^feMbiO^ 

[0 0 63] iixa. U-^'m^(0^^'VrRX/^=FcO 

^^mmiizxt^UTxm&ifzm-^f^^mtufi. ssb 
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r*^ 0 R I m^m^^iiz 

[0064] -?-c7)ittf>. mimmcommm fio + f 

+ f iF<f rc0^ft*>^, itfOfLoii, fto<(2/ 
3) • f rb^h. otO. Clix^><0*f^S:«;ttfiF 

(4iraj^jSfi^5 1 ) t f LO m^i^m^5 2 ) 

[0065] ^#cp— r*^2 4f ^r*)-^. ^i^U 

(DFB-LD) , ifi?>\'^iiyryu-^o-m^^m 

P—i^-W (FP-LD) j&iffiffl^fLS. DFB 

ii«»3&i®v^MJ!Ja»#{i. 1 [GHz ] OT-cfc 

[00661 mm^X'$>i>^^mm.m^5 1 ti^co^ 

feis^fiF^r, fiF>i [GHz ] <Dmsi>zmm-ti>t. ^ 

**lflifiE§^tTL4dfc«>. fiF<l [GHz ] izmtth 

[0067] imm&\>^mmmx<^)fmmmm^mm 

m- Rii^^wmx'h^msiztiif^ijf =1 eghz 

^mm^mmtr r i Nn^mx-h^mA tctjtts f 

IF =120 [MHz ] (OJ^-CCOR I Nffl;{)><i.!Li?*^§J; 
3 iZ . *f^pjSft^)l*i^ f I F = 120 [ MHz ] 
*3J; ^10 [dB/Hz] {5i:RI N#tt3i^^TV^i,ii: 

[0068] jiUi*-^> . tf^raMfi-^ f I F ( ^fmmm 
-^5 1) t*E^iHa^fi^fi.o (li^^fi-^5 2) 

^BEa*. ia6{cS^:Six&J:dfcf iF<l [GHz ] , 
fLo>2 [GHz ] t-r?.t. R I N!^f£&t/^M^cOi^ 

[0069] ( »2<7)SI*fiCT)H7t:*5&BHc7)|| 2i^S? 

[00701 ia7tc^-r i d t« i*fiJ«^ 1 tmrnms: 

2-^^yr-(^<3'Cl^m^tiX\'^t. mxti — 3t**^^ 

^iix\->^\^i)K —y<mimmiizMLxmm^m.2 
immmtm^ n . ^mmm. 2imy r^^^sx-m 
m^tix'.^h, mmmm 2 i^-tii^timtifziiLmi.zmm 

[0071 ] mw^m 1 uimm^m^m^A . mm^ 
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1,13. 2. ^^^—Tyyi 4, ryr-i-i 

[00 721 zix(^<r>o-h. mm^m^smAiimm 

#52 trmm-^^m^Th h » 
[0073] MM^6iizti^fpmmmm^-5 ita^ 

IWjfeft^ 5 2 1 i&^ift LT*S«Mffgm# 5 3 f: LT 

[ 0 0 7 4 ] 3t7 r >'\'3 Ji««ilS 1 cOE/O^tftS 

Mis 9 {± >r to 0/ E ^SIS 8 J; 15 ttiitl § ii;t«^fi-f-& 
2otc#l«IL, 4i-teLfc— *S:>''«:;^K>"?X7^;l/:J^l 0 

[0075] J^y }i/^xy ^ ivs' 1 o\t^mfmm^iii 

[00 76] ^gl 2{i, itL^>2'OWSyhVtX7 

4)V^10. 11 coffii^jfi^Sr^ Lt ffi^l-r-S. t <0T 

3{)^^R)fSco*i*sis«ft{t-^*»aj-r'g.f^4^)co:7 ^ /p^'T'*) 

^tfci:^Sti/siE«imM#2rS^i«®LTti}:^j-r'S i>£0 

•c'S.o. Ty7-&\5\i:i(nmm^tu-zm.mw^t l 

[0077] .IfOj: a^«)j£<:0*i^X7"A{±. alffffi^ 
Hcfcv^T. iilSl^-tfflSgiSlg4*»<i,c7)ttJrS^^«-9-5 

1 tc . ^gp^isti 5 A- <^m^mmm 52^ saac^ 6 

T^a^ LT#^>iX7t«aHf?8«#5 3 S: . E/Ogg^ 

7 tA:ft-rs „ 

[0078] *SM&ii#5 1 <r>m^^i f IF. 

P«[«-^5 2<0M«aS»&f Lota's. E/O^^S7 
iciSV^Tfi, »[f#M-^5 3-CW-if S:il:^iigt 
3te«#6 1*#. ^:i^^3l£7r-^^^"3^:frLTiMfi 

[0 0 793 jlifi^i:2Wc*3C^Tii. C:<7>3t7T-YVN' 
3 2:/i-tTfEjS$ti.T#/23Kfi-f-6 IS:. O/E^jtS 



8T'^«L, ^«-#i;3^Lr*>^.4MiS9T'2-5tc 

m<r)m^mz t ^ ^ ^-^tsf-sy y^^x y^tv-^^i 1 \,zm 
^z t J: 0 . TtcD^^mmm^ 5 1 tiiiummmm 

#52 t^STCf S , 

[0 0 80] -eLT. mjt^tit^ziit^^mmwm^s 

ltJi;t;f*!E^M^m-#5 2{±Sg:Sl 2fc:A*L-C. * 

T14Sr/rLTJiliLyif*. Ti^r^M 5 5:aLT. S 

[0 08 1 ] &i±.cr)j:^^mmti^mizxy). m\<n% 

mkbnWiZ^ fiF^5iSiftl»»«0*^Jfllft«#5 li:. 
fLfl=ii:-l>JSJSS5:=tcoi6^iSJfefi#5 2ti. ^co/SiSSStE 

■Sr. fLo-fir fel [GHz ] . 2fiF<f[.o< (2 
/3) ■ f r . fiF<l [GHz ] . f Lo > 

2 [GHz ] b-th. 

[0 082] JiLhtO J: d LT . 1 coSI«Sm . SHI 
IS 1 <rmmk . il%iimfflcott^^S(c^ L;^:4s: 

y^y^mhz.bt^x'% h id \^i^mimi:^3(7m 
m{b\.xwm-h. 

[0083] (IS 3 cOSUt^iJ ) H 8 tc. sjs^BHtCfctti. 

1^ 3 co§^«^^*-r , wm:^ i m i mfw. 
2<rmm\^n\^b\^ . w&^m.ii.zax^xh. mia 

[0084] i£O^Jfefia|T'cOj^m^g2(i. 3^€«^ 
(O/ESaiilS) 8. *(i5S9. ift»Sl 2. >'N'>' 
Ynxy -f 1 3 . -'nV— T>-7°1 4. Ty^-r l 

5. O— ^tX.'N'X^'f/l'^' 1 6. >'W>'N"X7^;l'^l 7 
[0085] ^i^Xy-Mi. 1 lill 

:t*liiaW«M#5 3S-. EXO^m^7tzXi}LXZ<f) 
r ^>'N'3 S::rrL-C3lfiiia2>\fejit-|>ttffl^(i^ 1 R 

[0086] mmmm 2 <Dmimm<o a *>. oxEmi 
#g8{i3t7 r iim^tix^tzmm^miTi'^cD 
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[0087] u^nxy ^ 1 b\mm^m\.z f IF Sr 

^17 ammmiz 1 1 o ^^tim^mmnm<r>y ^ jv 

[0 088] 2<±. z.i\.t>2,^<r>y ov-? \ 

^yY)^xy ^)V^ 1 3J±c:<o*g:Si '2.<ri\i^±-h^t>fSmi 
<n^m&m.^^Wi&tht:.'>h<ny -f 0 . >'^v 

—Tvy\ AM^^fsVYnxy i 3*»(bmS)$ 

[0089] ^coi a ^r^^c^^v-;^-?- Ati. ilfig* 

5I£<1^6 1 ^ , 0/Eg^lS8TS^iL. 
^LT*-'^^)-il^9T-2-S)lc^J-^t-C, -^-Srj^ia^Jl^ 

6 tcil L . fl6:ft-{i^jfl#J^i:: f ^ *tf ^^MStm^ffl 
<r»\A nxy ^ \i \,zMt^h\,z^'^ ^ it<ri^'^ 

5 1 *3 J: t/l!!@S«jSEm# 5 2 (cftTcfS . 
[0 0 90] ^tX. fS7t;$ix^^^ix<b*S^8^fi^5 
iiiJ:tif|!0gi««jfi#5 2Ji«»Si 2tc:A:^tT. « 

%~th. -eLT. i<7)*»tll 20^ii:^[^^^>^V^°X7 
^ 1 3 ^ ji-r ^ h J: 0 s Br^wlSiiajaiSli^ 5 4 

[009 1] ^<ni.o^z^ |g3co||M^Jfc^^-r*i^xr 
jii«Sia2»:i>v^T{±i*iijKco^il^9c7)2":3iO 

1 7 \,zx-n L , ctJr^MJS:m^ s i ^un^mm^ 

1 0 . 11 ^fflV^^<OT'(±^< , ^P:? 
16, ^'Wv'N-J^^^^f/l^rJ'l 7?:ffl(,\ (flSJa^ffi^Sl 

[00 92] <liOj:3=3:«fi£$:i:'3> 

nfz-t^:itf}^X't^Xdl>zLXi3<t. tt~nxy ^ 
etf\^^^xy 1 iW'^-yY^'^xy ^ 

10 0 9 3] fs^wmmt ^^'mm^^^Ltzm 



^al?&»io3le7r-^^-^3?^cf^LT^(tK0. O/E^^ 
S8'C3t«^L-C#JtSfi(l#5 ScOCNRHse^s^^-fti 
■tl>J;a-CS>^i:, -'■\>K>'\°X7>f;i/;J'l 0. 1 liiQ 

[0 0 94] t*»L, :if.^m(^=yX^MzXixM. 
flgSlMtctsi/^-C, #l63gil5ftft#5 2S-aSLTt>. 41 

^cr>x\ u—nxy^ji'-^ 1 }^xy ^ iv^ 1 7 

[00951 oric. <^^mmim-tm^mm^i}^ 
<^<bi>. fmmmE^cr>mmm^m<x'^ ^x^i,z 
L fzmtm sr mzm 4 comum tvx mm^ & . 
( m4ffimmm)m9iz. ^miizinf?,t^4<^mmm 

i^-t, 1 <^mmi. m 1 Rx/m 2 co^iss^j^ 

[00961 >!:£?)SgJfi«T'iOiMfi^S2{4. ^/fli^ 

J«S (O/E^ilS) 8. 4i-«ll59, *S:Sl 2, Ay 

7 , MiS^ 1 SlSuW^y YJ^xy ^)V^ 19 
[00971 *i^X7^/.{4. iMm«J5 1 te*iV^T. im 

5 ii'(^(r>mmmm^ 5 2 *aDie:«i6 t--^*^ LTfi<bit 
E/o^s 7 co^^-^^^i^-- r*i=^& ^murn'mt 
r ^ ^3 •^i^Lxm.mmm.2^^m-t^imM±m 1 a 

[0098] 3^fi^« 2 (73liJjgS«0 3 *> . O/E'S^ 

S8{43fe7 T -< vs;3 trfEi^§ix"C #/::«^Sia l *>^><?) 

^i-fi§l 9 fi ^lOO/E Sa^S i: 0 Kiti ^f^Jtm««-^ 
^2ot::Ji-)it. ^ilSL^:-*-«:n->>°X7>f;P:5'l 6 
\,z^ ttz. m^i'>^^^'ixy.iju^i7l,z^ti>i>(0-v 

[00991 nwN-x^ -r i 6 ti^^J^t f i ^ 

^17 amimmiz f i^tmm^mm^m<^y a )v 

^X-$)i>, Mi§^18ii^<Dx:>-J^xy^)i^^i7<^ 

wim:f}^nmmtxmij'tti><^x'h*). ^^y^^^xy 
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[0 1 003 ^Sl 2ti. Zti(>2'z><^y^jViS'l 
y}^j'<xy^fU^ 1 3{iitf0^^i 2coffi^j*^^>mS 
— r>'T14Ji<ro>'^>H^N":^7-f;P^l 3*^ii,a}^)S 

[0101] CliOJ: a!5rm<03|s:i^XxA«4. iHfl^ 

6 til fl6:Srtij®i^«tc f Lo *-i-tf*0Si^fi-^ffl 

5 1 ii J; 5 2 t^^Tcf . 

[0 1 023 ^3 Lxn^^titzfi'mmmm^ 5 1 Rx/m 
^mkm^5 2(50 d lb. m^mmi^5 2<±ji^ 1 s 

[0 103] mM^l 2-C{i:o->'N°x:7 ^/W^- 1 6*»^> 

(^'i'mm^m^ 51b nc^m^m^m^ sat sr^st 
[0 104] :L(r>mmmxM. m3<nmmm<rimmz. 

$ ^.(Cji^ 1 8 ■< /P^? 1 9 SrISftTiJ 

I?, u-nxy ^ fV^f \ 7 <r>pm.^-h^ nmmh . ^<7i 

xy ^fv-sfigizx ottffi-r -1. ^ t jaaas^fcffi 

[0 1 0 53 inftis^ 1 comMy^mk^ 7 wi^ffl v 
FB-LD) . hh\<^\t. yry^)-^'a^m.^m^\^ 

— (FP-LD) 

[0 106] ^tT. i^x^co^-ifag^co^^SJf 

c {4. DFB- LDT'fc =3 [GHz ] . FP- 

LDTfc = 1 ~2 [GHz ] ^nJil±i^M«^ 

20jf^m. t3iSj:-f-3~5 [GHz ] m^tMIS^ 

[0107] ^J^aji^XTJ^rfflV^l.tf SJi»m-t<oJi 



iffifiF < 1 [GHz ] T-fcSA^fe. fir + 
f i,o'C'#>i.*6|ajai*ft-^5 4(?DJSi^f„„{4. 
«f4~6 [GHz ] tC«iJBl§ixl.C:ti:^:&. 

[0 108] Lt^h. mm^^mvzmscnmwL^hh 

MBRS it-S i t ^ < . J; 0 ft V ^ja^^co^^fflSiSfi-^ 

[ 0 1 0 9 ] fiL. m^mmn 5 2 nam-r^i^ 

S i t . 5 1, 5 2 <7) C N R4f ttii^ff 

[0110] ^<Dfi:lf>. 3|55|HHT«. 1 8*fflV% 

Tt. *ll8JW|jfefi^5 4cOrf!,«Sr>'c»<*Mb$-i^-g.C:i: 

{4 , jM^fi & «r«gfc-i- s t <0}6is>p T'S) s ^> . act; 

So 

[01113 {m5(/)mm) mio. mi HZ. 

ti, m2<Dmmmtmm^z. :^^m^m^mm(r>mm 
m^miizmmLfzi>cr>Th4>. 
[0112301 otciJv^T«4. m^i^x-mmv^ t X 

1 Afc^-DTfcf). t5t. m^fizmihmmmw.2i,^^ 

[01133 jSSftSS!^ 1 A i:i*^fi^S2 A*J3te7 r 

ix-cv^^ii*i\ —r><r)^^^mmmiAiiznLxvk9.mm 
jM^fi^S2A*^-iiia^3is*^{4. -en-fii 

[0 1 14 ] 3fe7r-<^<3a, 3bc03t.. B««{4T0 

ffl) t LT3K/m^Mg (0/E3g^) 8-2 
PS2 7d*|g(t4>*iTSfifcSaTV^S, 
[0115] gl/Cs jll^«Sg«2 A{4m^3i^S 
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iEyomm) 7-2, t/L/^smm (o/Egaa 

^) 8 - 1 . :}i-JiS9 , Y^^xy ^)V^lO-l, 
10-2. 11. 13-1. 13-2. mSl2- 
1. 1 2-2 s vtv—r>'n 4. T^T-M 5. -9-- 
^jl]^-^ (t L<{±f-'j.7°^^-|f-) 2 5. o-y'fX 

[0 1 1 63 ^.c^ a*., im.m^mm^^A\±wm, 

-^5 2 5r5&ti-r .& 5&JiS-C^> s . 
[01173 Ji«:#56(±iix/J>r|J|ajg^g^l-^5 1 hmi: 

mmm^ 5 2b^-^m txmmmmim^ 5 3 i; lt 

S/2:e«t><!Ot><7JT:ib^, E/0^ft^7- ^^±^flft^- 
^f*-?S:3KaS^:tT^*ilS!!L. C:<Oift#«tL— r3g^(7)« 
wit^±ie*l«S'tf$gft-^ 5 3*fJSEl;®J«-r ■!. i: fcJ: 0 s 

i^SixTl^T, •^03l£S#ai:^3i±^:7r-f>'N'3a>^i;Ji} 
[0 1183 iLtz. 0/E^^8-2{±3ii7r'f>'^3 

U-C{iJ:^j:f-stcor*>s. i/c. aiilS2 7{ivi<oo/ 

E'^^^SS - 2T'^m$ixfc««m^2rS(t"C7ncDiEilt 

[01193 ^^^mwt2A<m^^xhho/-E^ 

Iiicoo/E^g8-1 J: '?ai*§tL/i«Mfi-f-^2 
-:>t::}i-giL. ^Ltz—:fi^j^yY:j^xy^)V^i 0- 

(^X'h h . 

[ 0 1 2 0 3 >>> V-f^xy -f /i'^ 1 0 - 1 

^w^niT^y ^iv^x-h-yxwrnrnz-fii ^-^tf 7 
X'hh. 

[01213 fm^l 2{±, itL^20W\'>'NV\">t7 

^ yW:? 1 0 - 1 . 11 coai:'3ff LTai:>3-r s 

TftO, T>ri4iiC:<0-''«>H>"<X7^;t-:i'l 

XWkhLX^^I<zW!M-fi>t^i<z. Stf^^'bJttt-l. 
mSiS: i: ^. j. 2 5 L-T ^tL^ 



coi22]i?--=jfAU'-i5'2 5{i, vm-fhwmw. 

fiiiaijf iSfl-^ 5 6 ^ D-y ^ XTyT2 6 mi 
m ^ wtcotiibcrf^mxh h o 

[0123] o-y-f Xr>'r2 6{iC:c!9^ftiil8MjS 

0, nvYf^xy ^iv9 1 3-2{i.rcoo— y-^xr>' 
r26«^[)^l^:fJSrmll^?)^^^^*•cjii&;^-^^T. "^wsm 

<^^mw^(r>^^^wi^'th y 4 jv^xh 0 . i 

2-2{5Cl(J0^\'yK^\°X7 -f/P^' 1 3-2<0|±{::^i:^'i;> 
[0 1 24] .'^'>'^:^^'X7 ^•^WrJ'l 0-2{±i<7) 

^fl 1 2 - 2 ai:^ ^ Hff^cOjgjli^^T'iiii $ -It T , S 

•ri.7-f;P:J'T'3bO. E/0^:S7-2«iic7)A>H 
/l^^' 1 0 - 2 fci 0#^>tTJtiBlS'f*^-^5 7 
$'*fl^t:^tftL-TEBSj-r.SJt*6cDic!5TS)l.. E/O 
^l57-2{±^f*c^-if*-?Sr3feilgt t-Crtj^L, 

m^hLxh^. 

[ 0 1 2 5 ] ^:coj: a ^w^co^i^xxAa. mmm 

1 tcii V . mMM^mmm 4 ^> c?) tt'^jg ism-^ 5 

I fc. ^g|5^^5*»^c7)*|^i!feft#5 2 ^Jl«C*g6 
7-ltA^J-ri.. 

[0126] tpiaijf jft^-^5 1 <r>mmim^ f if . 

P^fi-f-5 2com^«S:fLoi:-^-l>„ E/0^#S7 

-iKfei<^-r«i. msmm^5 3X'v~^m=f-i:m.^ 

^LT. %m^e 1 >Iix2r3t7r'f^N'3a£:rt- 

[0 1 27] 5IH^S2AffliJK:ti\,-»T{S. C:<03fe7r^ 

^N'3a2::j>Lt:ejM:5ilT#7t*fi-^6 1&, O/E^ 

J^8- 1 r^L. msm^i,z^Lxi)^h^m^9 

x2':>{,z^mLx. -':H^f¥mmmm^m<r>mmm^z 
fii^^^^yvj^xy 4)V'9\o\izmL. mM\i^ 

I I tcffl-tvi fct: i 0 , 7t<n^^mmm3 1 *5 itxis 
^*fi# 5 2 t^Tc-r & . 

[0 1 28 3 -fLT. fSTuSfL/^Clix^jtfrajSjS^i-^S 
1 tJ J: t^*l^^iiaS[ffi# 5 2 1 2 1 A:ft UT . « 

1 3 - 1 srii-r <r t i •? . mmffimmmm 

54^ttti{L, icOttaiL5t^JllMi-^5 4Ji;>lV- 
r>-ri4S::ft-L'ClS(iL/if*. -9--=5f j.P-:$'2 5*» 
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[01 293 •i^j\^fH<r>mim^^ms^iix^fz 
nmiryT-ti stcTSfts^x. ^-^:LU-i^25 

iftft-^ 5 2 t ^$ixfj;f*, yN'y F^>°X 7 /P:? 1 0 - 

2-e@f^co#JI^4i-*>'ttai§ix. C:it*>E/o^^7 
-2T3fcm#{::^8lSn/if*. iO^fl^t LT3fc7r 

[0130] 3|5*ift^m»:fe(t*#Sb±i{±. iMS^il 

a2Art(50t5>MS9£7)2-:3c7)tij:J336^^,^ ys>i<VN°X7-f 
^l^rJ'l l*fflt^T#!^^m-^5 24-ttaiL, dOttffi 

t3t*ggiBiftfi-^ 5 2 ii^ii LTiiifii^«HBijco»»Sl i 

2.-1 t'^m^mmM^ l 2 - 2fc:■?■^^.■ei^A:^)■r 
ttm Lf^is^iaiSft-^ 5 2 {i . 1 2 - 1 j: 0 4> 

1^7);^^^^or■yr3W^'-^-r'Sc^tfi6fflL, 

Sft^ic±3».^Tt±. 12-2 t^rtlslit^jfefi-^ 5 

[01313 -t^shib. jM^milia2 A|*i<oii-«(N}g9iO 

2oc7)tfJ:>jA>^,, y^>'bVN°X7-f/l^:^'l 0-1. 1 1 S: 

«»^12-l. 1 2-2tCA:^J-f--S.. 
[01 323 «*?S1 2-\\,ZiS\^X\,t. Ji^tfcld 

co^^Elc^i^ii^fi-t 5 2 5rffli ^T. T >/ r 3 v^^c- 

14, Ty-r:M 5 2::f^LT. 

[0 1 333 «^S1 2-2tCj3V^T{i:, Iffii^^ 

mm^se^^ i^mmMn5 2t:m^^x^ mx.irh:i 

mm.^ixx^tzi!mmmi^5 e ^ryT-i- 1 5 
fit. -9-— ^j-i^— ^'*^v^(±-f j.r^^'i?-2 D 
-y^ XTi^r 2 6 fcA:^3tT. ^MsD=^^$-y>'>- bvt 

mnse ff)m}iiLt:^im,^i: , 12-2 ic±5v> 

bL. -eLT. >''\>'K>'t;:t7>f;^:J'10-2-C-<p{— X 

5 7^'^^, ±'Of^mmmM-^ 5 7 e/o^s? 
[01 343 immm 1 rji , mmmw 2 m^i^nim^ 

ilX ^ fz^im 6 2 8-2 T^m L , 

«pis2 7(ca:>jl.t. m&iM*) ta-r . dtoi^tc* 



&fi# 5 2 i: ^aaj L . icoftm ttimmimim^ 5 2 

tfz. 

[ 0 1 3 5 3 «e-3T, m^m$IB2 Ai*it:ma5^iBSI^ 
iS^fiSilS^ 1 AM/\o± 0 ft^coJDjft^^ y^yayj^ 

m^co^mm^^r'yyziy^'i- h LT*^<b e/o^ 

m-2lzX:tjLX^imt=.^U iiS^ilBt^i^S i 

mibiyit^mmmMh&<mx.h.:itiD^x'^. e/o 

7-2 S U— r«^^ K 5 ^N'T>7°^ 

[0 1 363 JiLtcOi m^mmn2 Aco^BM 

yim-^fc'^^mmm2Aimmx'^hztt^j:i>, m 

1 liCiI^fiJ£S2A<0S!|i0flim«?!l?&^-^. i torn 1 

iz7F;-rmizn\>^xii. mmLy::§!^^mmm^5 8imm 
mmi>zm^^h^com^mmm2Acr)m^^^'t, 

[0 1 373 zcrmt. ^3^mi,z)Hft^'iy}i/^xy 
commz^ 1 8 fc/N'^- V^^xy ^ 

1 9 Srit^iJfl^JtiifALTtflbSi: LTfc 0 , i^SMil«2 
ArttfcH-kT, ^'?>'K>''«X7^;W:J' 1 1 f ftiiJ^ixitiE 
3Eil8aS[«#5 2S:afgg§18TiifgfC, >'-«y|<>N°X7 

^)V9i9 xmrnm. mm^titzimmm^ 5 8^ 

<r)mm^r-/y°^yf<>-hh. s«^f<ojf5fiaR:J''> 

[0 1 383 Ci^BlfMjlifSStL^ciggi«^m#5 8S-, 
«J|:S12-1. 1 2-2(CA:'jtT. T'/T^y^^- 

hhi,\^ty-^y^yf'^~h<:r>tzii:>{,zm\^hiidi,zLfz 

x\ mm^mmamm'riy . 

[ 0 1 3 9 3 aiSSi: ^'^y H^N°X 7 ^ /I/iJ' ^ig^ tJt 

mi^mmi)mt&i)K z<7)idizLxh. hioo 
Hii^jtiHiw. sm^«^i~feitsE/o^S7-2tc 

^W^><x^i^jgdBc«iaj«>«<«i;t?.Cf:5&«'CS> E/O 
^^^^ 7-2 tCI^^-r S H 7 ^ >'N'Ty7'^ 

[0 1403 ^mmmitxixii. *ggiw^fi^5 2c^ 
m^5 2^n&cittiiT^4>. mmmm.2i,zi5\^x. r 
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[0141] 

[0142] -^a^-rsisgiii^fi^cojgjjagc^f 10 t't' 

m^mm^com^mMfi?^. fto-fiF^i lghz ] 

at>'2 fiF<fi.o< ( 2/3).- fr(^ly-^ff)immm 

[0143] i!^mmm^<D^^i:k^ <-r^z tifi 

[01441 t3t, fLoOCNR!|tttj&«ffi^iT(-^*t(f, 

[ 0 1 4 5 3 m«^BfMl;fcvi-C , jms^W*^ 
i=^m^flt:.^mWM^ f to SrftitJt C N RTJX D {il 

[01463 ttl^ R I Nmt;C NR#|±&^^Mt;§ft 

[GHz ] X'Oi&^-^'^X'hh, ^<7>fc 
ib. fir<l [GHz [GHz ] <fiob't?>Zb 

X\ Ri Nbbh iz^mmiiZMLX i)CN R^^-fL^WJ-i 
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